abstract the aim of the study was a comparative analysis of uterine horn diameter, calcium and magnesium concentrations in blood serum and uterine washings in cows both with and without endometritis. the study was performed on 28 cows at 5, 22 and 42 dpp (day post partum), of which 14 cows had been diagnosed with endometritis and the other 14 had no endometritis. the animals were selected based on clinical symptoms and cytological examination. uterine horn diameter was determined in both examined groups of cows using an ultrasonographic device. the level of calcium and magnesium in the blood serum and uterine washings, and protein in uterine washings was determined using a Bs-160 mindray analyzer. uterus diameter was similar in both examined groups of cows only at 5 dpp, and on subsequent days of examination this parameter was higher in the endometritis group compared to the control (p<0.001). calcium levels in the blood serum of cows with endometritis were lower than in cows without endometritis, both at 22 dpp (p<0.001) and at 42 dpp (p=0.004). the levels of calcium, magnesium and total proteins in uterine washings were higher in cows with endometritis compared to the group without endometritis, both at 22 and at 42 DPP (P<0.001). The results of this study confirm that the process of uterine involution is slower in cows with endometritis compared to cows without endometritis, and the myometrium of inflamed uterus does not utilize sufficient amounts of calcium and magnesium, which means that the concentrations of these elements in uterine fluid are higher than in cows without endometritis.
isms proliferating in the uterine cavity and endometrium may cause uterine inflammation (Földi et al., 2006; Bicalho et al., 2010; Gautam et al., 2010) .
Post partum uterine involution in cows lasts for quite a long time and may be divided into two stages. The first stage, when the uterus returns to its size from the pre-pregnancy period, lasts from 21 to 25 days after parturition and is called the post partum period. The so-called clinical post partum period ends at this time. The second stage involves histological recovery of the uterus to the condition before the pregnancy, and ends with complete uterine involution, and may last up to six weeks or, according to Sheldon et al. (2008) , even up to 8 weeks after parturition.
The process of uterine involution depends on numerous factors and disorders, which predispose the uterus to inflammations. Partus gravis, twin pregnancy, a dead fetus or a retained placenta may cause uterine atony or hypotonia (LeBlanc et al., 2002; Bell and Roberts, 2007) . There may be also an effect of systemic disorders such as a negative energy balance or mineral-vitamin deficiencies (Goff, 2008; Wathes, 2012) . Stress reactions with stress mediator formation, especially corticosteroids and adrenalin, are the result of deficiencies intensified after parturition. Catecholamines, which affect β-adrenergic receptors, cause uterine atony or hypotonia. An excess of corticosteroids inhibits immune system and also has a significant effect on retained placenta and development of uterine infections (Goff, 2008; Sheldon et al., 2008) .
Myofiber contraction and the activation of actin-myosin arrangement depend directly on calcium ion presence. In turn, magnesium ion presence is essential both for calcium accumulation in myocytes, especially in endoplasmic reticulum, as well as in active cellulipetal calcium transport. These processes occur using energy stored in adenosine-5'-triphosphate (ATP), and by degradation of high-energy bonds. Further energy utilization depends on the presence of magnesium ions (Marshall, 1962; Parkington and Coleman, 2001) . A properly functioning uterine myometrium makes use of both calcium and magnesium in the contraction process. It is not known, however, whether these elements are used in the same manner in an inflamed uterus. Uterine inflammation, especially in the post partum period, may inhibit uterine involution to a considerable degree (Kasimanickam et al., 2004) . It is not known, however, which mechanisms occurring during uterine inflammatory states may disturb its contractility and involution. The parameter which is frequently taken into account in cow examinations, especially in the post partum period, is the determination of uterine horn or cervix diameter in various post partum periods in order to analyze uterine involution dynamics (Čengić et al., 2012; Leurent et al., 2013) .
The aim of this study was a comparative analysis of post partum uterine involution based on uterine horn diameter measurements. The analysis was performed on cows with endometritis and on cows free of uterine inflammation using ultrasonography. In addition, the study aimed to determine intrauterine and serum calcium and magnesium concentrations in both mentioned groups of cows, so that these concentrations could be used as indices of uterus contraction activity.
material and methods
The study was approved by the Local Ethics Committee at the University of Life Sciences in Lublin. The study was conducted on 28 cows of Holstein-Friesian (HF) breed aged from 3 to 6 years, after second or third parturition. The animals were maintained in the same environmental conditions, and were fed and housed in the same way. The feeding was based on the Total Mixed Ration (TMR) system including maize silage, grass silage, straw, ground grain, soybean meal with proteins and minerals. The condition of the cows was assessed as being good or very good (Body Condition Score 3.5-4.0), and in the previous lactation the cows had produced over 7500 liters of milk.
All cows that calved in the period from February to October 2012 (58 animals) were subjected to routine veterinary control in the post partum period. Apart from a general animal examination, the control included detailed examination of the reproduction system, based on vaginoscopic examination, rectal uterus examination performed with a Honda HS-1500 ultrasonography machine (Honda Electronics Co., Ltd., Toyohashi, Japan), with a dual frequency 5.0/7.5 MHz intrarectal transducer, and uterus cytology. Uterine horn diameter in the examined cows was also determined using the ultrasound apparatus in order to analyze the dynamics of uterine involution in specified post partum periods.
The above examinations were performed for the first time at 5 days post partum (DPP). Based on them it was established that inflammation (clinical metritis) occurred in part of the examined cows (25 animals). The condition was manifested as brown or brown-bloody discharge of characteristic unpleasant smell, from the reproductive tract, and the uterus was considerably enlarged. Retained placenta or puerperal metritis with general disease symptoms were observed in 6 cows, and these animals were subjected to appropriate treatment and excluded from the experiment. In the other cows in the herd (27 animals) at 5 DPP only brown-bloody-mucous fluid without unpleasant smell and enlarged uterus characteristic of the early postpartum period was observed.
The second examination was performed at 22 day post partum and enabled the selection of 14 cows from the whole herd which still presented inflammation of the uterus (clinical endometritis) and had either a pus/mucus-like discharge from the reproduction tract or visible on vaginoscopic examination. The inflammation was additionally confirmed via cytological examination (neutrophil count above 18%), according to Sheldon et al. (2006) . These cows constituted the experimental group. Fourteen cows were also selected from the remaining animals, i.e. without clinical endometritis symptoms and without uterine inflammatory state determined via cytological examination (neutrophil count below 18%) and constituted the control group. None of the animals from either group exhibited general health status disorders (metabolic diseases, udder inflammations, abomasum displacement, etc.), which would affect the obtained results.
The examinations were performed again at 42 day post partum on the animals selected for the experiment. At this time, the flush from the reproduction tract or pus/ mucus-like secretion visible on vaginoscopic examination were still maintained in the cows from the experimental group, and the neutrophil count in cytological examination was above 10%. Despite having clinical endometritis the cows from the experimental group were not subjected to treatment, since such a procedure would affect the results. Appropriate treatment was given after the end of the study. The dates of examinations and threshold values of neutrophils in cytological examination after the post partum period (after the 21st day post partum) were determined at times consistent with the rules accepted by Kasimanickam et al. (2004) and Sheldon et al. (2006) . Uterus cytology was performed using a cytology brush (Jiangsu Yada Technology Group Co., Ltd, Jiangsu, China) adapted for cows. The procedure of material collection for cytological examination was conducted according to the literature methods (Kasimanickam et al., 2004; Sheldon et al., 2006) . Cytological smears were performed directly from the brushes as imprint samples on the microscope slide. Slides for cytological examination were prepared by rolling the uterobrush onto a clean microscope glass slide. After drying, the samples were fixed and stained using Hemacolor staining (Merck KGaA, Darmstadt, Germany). Then, the specimens were analyzed using an Olympus CX 41 microscope (Olympus Corporation, Tokyo, Japan), at 400x magnification. Cytological examination of the specimens was based on an evaluation of neutrophil count in the smears. At least 100 cells (endometrial cells, leukocytes) visible in various fields of view in particular samples were counted and the percentage of neutrophils was assessed.
Uterine washings and blood were the material for the main examinations; calcium and magnesium levels as well as protein concentrations in uterine washings were evaluated at 5, 22 and 42 days post partum. The washings were collected according to the literature (Kasimanickam et al., 2004; Sheldon et al., 2006) and centrifuged at 1000 × g for 10 min. The supernatant was collected for the examinations and the precipitate was removed. Nine ml of blood for examinations was collected into test tubes from the external jugular vein using a Vacutest coagulation activator (Vacutest Kima srl, Arzergrande (PD), Italy). Total magnesium concentrations in blood and washings were determined using an Accent-200 Mg set (Cormay S.A., Łomianki, Poland). Total calcium in blood and washings was examined based on an Accent-200 Calcium diagnostic set (Cormay S.A., Łomianki, Poland), while total protein content in washings was evaluated using an Accent-200 Total Protein kit (Cormay S.A., Łomianki, Poland). The examinations were performed using a BS-160 analyzer (Mindray Medical International Limited, Shenzhen, China).
statistical analysis
The Shapiro-Wilk test was used in order to confirm the normal distribution of the examined features. The results obtained were compared between the groups in order to determine their statistical significance using the Student's t-test. P-value <0.05 was considered statistically significant. Statistical differences between the results from the material collected at different times in the two groups were calculated using post-hoc Tukey's and Duncan's tests, for a probability value of P<0.01.
results
The results of cytological examinations were demonstrated in Figure 1 . The neutrophil percentage was subject to a decrease in both groups in the subsequent examinations. However, in the experimental group it was higher (P<0.001) compared to the control group, both at 22 and at 42 DPP. Figure 1 . Results of cytological examination of the uterus in cows with (Endometritis) and without endometritis (Healthy). ** -statistically significant differences at P<0.001 between endometritis and healthy cows. a-b -statistical differences between the results for the material collected at different times in the group, for probability P<0.01 Figure 2 . Results of measurements of the uterus (uterine diameter) in cows with (Endometritis) and without endometritis (Healthy). ** -statistically significant differences at P<0.001 between endometritis and healthy cows. a-c -statistical differences between the results for the material collected at different times in the group, for probability P<0.01 mean±SEM, statistically significant differences * -at P<0.01 and ** -P<0.001 between endometritis and healthy cows.
a-c statistical differences between the results for the material collected at different times in the group, for probability P<0.01.
Uterus diameter was similar in both examined groups of cows only at 5 DPP, and in subsequent examinations it was distinctly and statistically higher in the experimental group compared to the control group (P<0.001). The uterine diameter was subject to a decrease in the next examinations in both groups (Figure 2) .
Calcium levels in blood serum of cows with endometritis were the lowest at 22 DPP, and this was also a value which was statistically lower compared to the values obtained in the group of cows without endometritis (P<0.001). In the last examination at 42 DPP, the calcium level values obtained in the experimental group were also statistically lower than those in the control group (P=0.004). In turn, calcium levels in uterine washings were higher in cows with endometritis compared to cows without endometritis, both at 22 DPP (P<0.001) and at 42 DPP (P<0.001) ( Table 1) .
The level of magnesium in the blood serum of cows in the experimental group was lower than in the control group. Magnesium levels in uterine washings were similar in both examined groups of animals only at 5 DPP, and in subsequent examinations the parameter was higher in the group of cows with endometritis than in cows without endometritis, both at 22 DPP (P<0.001) and at 42 DPP (P<0.001). In the experimental group the magnesium level in the uterine washings was lower in the 42 DPP compared to the previous studies (P<0.01). In the control group the magnesium level in the uterine washings was lower on days 22 and 42, compared to day 5 (Table 1) .
The total protein levels in uterine washings at 22 and 42 DPP were also higher in cows with endometritis compared to the cows without uterine inflammatory state (P<0.001). In the experimental group protein levels were similar on all evaluation dates, while in the control group at day 42 they were statistically lower than at 5 and 22 DPP (P<0.01) ( Table 1) .
discussion
The uterus in cows after parturition is considerably enlarged, and inflammation is usually observed, which may intensify or be eliminated (LeBlanc et al., 2002; Sheldon et al., 2006) . It is proved by a similar uterus diameter measured at 5 day post partum, when physiological post partum uterus enlargement is observed practically in all cows. According to literature data, post partum inflammation of uterus without systemic symptoms is observed in 35-50% of cows, i.e. among all animals calving in dairy cow herds (Sheldon et al., 2009 a) .
Inflammation occurring just after parturition is quickly eliminated during the proper course of the post partum period, and the uterus systematically returns to its size from the period before pregnancy. In some cows, inflammation may, however, be observed long after parturition and may delay uterine involution (Kasimanickam et al., 2004; Sheldon et al., 2009 b) . Such relationship was also observed in the current study. Maintained endometritis distinctly and negatively affected the process of uterine contraction. In cows with endometritis, uterus diameter, both at 22 and at 42 DPP, was significantly higher compared to cows without inflammation which were in the same phase of the post partum period. Apart from clinical symptoms (secretions) and increased neutrophil count observed in cytology, confirmation of maintained uterine inflammatory condition was also proved by an increased total protein level, which was observed in this study in the uterus of cows with endometritis. An increased protein level in uterine washings is a result of increased permeability of the blood and lymphatic vessels supplying the uterus, which is a result of released inflammatory mediators created by phagocytic cells (neutrophils, macrophages, monocytes), mast cells and endometrial cells (Sabounchi-Schutt et al., 2003; Wattiez and Falmagne, 2005) . This is a reaction to pathogens present in cow's uterus in the post partum period. These mediators mainly include cytokines such as Tumor Necrosis Factor α (TNFα) and interleukins (IL) 1, 6, 8, which have an ability to dilate blood vessels, while IL-1 additionally elevates blood calcium levels in the post partum period, which is essential for proper uterine involution (Singh et al., 2008) .
Blood vessel dilatation increases the inflow of numerous components to the uterus, including immunologically competent cells participating in the elimination of inflammation, as well as energetic substances and elements directly contributing to uterine involution. This study confirms the increased inflow of elements to the uterus, since significantly higher concentrations of both calcium and magnesium were observed in uterine washings in cows with endometritis compared to the cows without inflammation. During the period in which cytokines are active according to the literature data, the concentrations of the mentioned elements in uterus are higher during inflammatory process compared to the period when inflammation was not observed (Singh et al., 2008) . These elements are essential in myofiber contraction and proper uterine involution processes. However, it is also known from numerous publications that uterine involution is considerably weakened in cows with confirmed metritis and endometritis (Kasimanickam et al., 2004; Sheldon et al., 2006) . Disturbances in the process of uterus self-cleaning, especially in the post partum period, to a considerable degree facilitate the formation and maintenance of infections (Shel-don et al., 2006 (Shel-don et al., , 2008 . Current study concerning uterus diameter measurements confirms that uterine involution in cows with endometritis was considerably lower compared to cows without endometritis, and that greater uterus diameter was associated with an increase in neutrophil content in cytological examination, and with increased calcium and magnesium levels in uterine lavage. Thus, uterine involution is weakened during inflammatory states, despite increased calcium and magnesium levels inside the uterus.
According to the authors, only inflammatory state observed after parturition may positively affect uterus contraction, when dilated vessels increase uterus blood flow and provide higher amounts of products used in the mechanism of myofiber contraction and accelerate uterine involution. This was observed in cows with a proper post partum period, quickly eliminating uterine inflammatory state. In cows in which inflammatory process is maintained long after parturition, these elements are not utilized by myometrium in sufficient amounts despite their proper inflow, and are transferred to the uterine cavity, from which they presumably cannot be absorbed. Other study demonstrated that in the case of an enhanced potential for uterine myometrium contraction, which is observed for example in cows during estrus, calcium and magnesium levels in uterine fluid are significantly lower compared to the corpus luteum phase, when myometrium does not demonstrate any movement activity (Hugentobler et al., 2007) . This confirms the fact that elements provided to the uterus are used by a properly functioning myometrium, and only small amounts of these elements reach the uterine cavity. However, in the case of lowered uterus contractility, these elements are captured in the myometrium in lower amounts, and the majority of them is transferred to the uterus cavity (Hugentobler et al., 2007) . Such mechanism is presumably also observed during uterine inflammatory states, when calcium and magnesium levels in uterine secretion are increased as a result of myometrium functioning disorders.
It was demonstrated moreover in the study that the calcium level in uterine fluid was highest at 22 DPP, when its concentration in blood serum was the lowest. According to the authors, this may prove a partial calcium loss to the uterine cavity, which is not subject to further re-absorption. There are other causes of calcium loss in the post partum period in cows apart from via udder, and may at least partially contribute to deficiencies of this element (Kronqvist et al., 2011) . This may occur in the post partum period, mainly in situations of enlarged uterus size. It should also be added that in cows without endometritis, higher blood serum calcium levels were noted concurrently with its low levels in uterine fluid at the same post partum period. Moreover, the calcium level in serum of cows with endometritis was lower compared to the control cows for the whole experimental period, and the cows from both groups were at the same lactation stage and so element levels should also have been similar. Therefore, lowered calcium concentrations in blood serum with concurrent elevation of their amounts in the uterus in cows with endometritis may prove the loss of this element only by uterus.
conclusion
The obtained results of the study showed that in cows with endometritis uterine involution process is slower than in cows without endometritis. In addition, it was also found that the level of calcium in blood serum was lower and levels of calcium, magnesium and protein in the washings of the uterus were higher in cows with endometritis compared to healthy cows. The observed difference in concentration of these elements in particular in the uterine washings may be used not only in the diagnosis of disorders of uterine involution, but also in assessing the activity of the muscle fiber of myometrium.
